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Abstract 



PURPOSE:To obtain the magneto-optical recording medium having corrosion resistance and pitting corrosion 
resistance and excellent magnetic Kerr rotating angle and coercive force by forming a composite artifidai 
lattice film laminated with Co-R artificial lattice films and Co-Pd artificial lattice films as a recording layer. 
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I^CHINE TRANSLATION OF JP 2596073 B2 (corresponds to PUPA 2-29956) 



Range of a patent demand. 
Demand term 1. 

Magneto-optical media which make that compound artificial 
lattice film that Co-Pd system artificial lattice film that Co-Pt 
system artificial lattice film and Co layer and Pd layer where Co 
layer and Pt layer were alternately laminated were alternately 
laminated was laminated is made to be the record layer to be 
features. 

Detailed description of the invention. 
C the utilization field on the industry ] 

The this invention concerns magneto-optical media which can 
realize big magnetism car rotation angle and high coercive force, 
while especially, corrosion and pitting corrosion are suppressed on 
magneto-optical media which carry out record and regeneration of 
information using the magneto-optic effect by laser beam, etc. , . 
C conventional technology ] 

The magneto-optical memory system for record and regeneration 
as a high density recording system in which recent years and 
rewriting are possible is noticed by semiconductor laser light, 
etc. . 

As a recording material used for this magneto-optical memory 
system, amorphous alloy which combined rare earth element such as 
Gd, Tb, Dy with transition element such as Fe, Co was conventional 
representative example. 

However, rare earth element and Fe which constitute this 
amorphous alloy are very easy to be oxidized, and there is the 
property which forms the oxide by easily combining with the oxygen 
in the air. 

It progresses, such oxidation induces the falling of the 
signal to corrosion and pitting corrosion, and the problem that the 
C/N ratio deteriorates with the decrease in remnant magnetism car 
rotation angle and coercive force occurs, when especially, the rare 
earth metal receives selective oxidation. 

Such problem is the result which that it is limited rare earth 
element is not possible. 

In the meantime, the material of Co-Pt system which used 
precious metal such as Pt, Pd or Co-Pd system was excellent in 
corrosion resistance instead of the rare earth element, and for 
example, the application as a recording material of magnetic 
recording medium is expected. 

However, journal -^^'^^^XK AND -^i^^^x-f 
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-^T y T/l^X on the material of these Co-Pt systems or Co-Pd 
system. 

(Journal of Magnetism and MagneticMaterials) No, 66th, 351~355 
page ( 1987 ). 

It does not pass in finding the perpendicular magnetic 
anisotropy in the comparatively deep layer thickness region of 
about 2OOOA in order to describe the application to magneto- 
optical media is not being tried still. 

For this, the this H applicant makes the material of Co-Pt 
system or Co-Pd system in advance to be the artificial lattice 
film. 

The good magneto-optical property appears in the very thin 
layer thickness region, and it is being found to be promising as 
record layer of magneto-optical media. 

Co-Pt in the features In the artificial lattice film of the 
system, coercive force as magnetism car rotation angle about 
0.3^0.45° and 100~2000e is achieved, and especially, it is 
excellent for the magnetism car rotation angle. 

In the meantime, in the artificial lattice film of the Co-Pd 
system, coercive force as magnetism car rotation angle about 
0.1^0.2° and 500~20000e is achieved in features, and especially, 
it is excellent for the coercive force. 

[ the problem in which the invention intends to reach 
solution ] 

In the actual circumstances , magneto-optical property has yet 
left the room of the improvement in order to use however, 
artificial lattice film as record layer of the optic recording 
medium practically,. 

As a means of such improvement, it is tried that the this 0 
applicant uses various metals and backing film which consists of 
dielectrics, etc. jointly with these artificial lattice film, and 
good result is being gained, and there is no, until being ideal 
more and more, if good magneto-optical property is obtained by 
artificial lattice film itself, even if a backing film is not used 
jointly, is said. 

Then, this invention is considered in above-mentioned and 
conventional the actual circumstances, it is proposed, and it does 
that magneto-optical media which can realize big magnetism car 
rotation angle effectively suppress and high coercive force by the 
use of the noble metal in respect of corrosion and pitting 
corrosion are offered with the purpose. 

[ means for solving the problem ] 
As a result of superimposing the examination in order to 
achieve the above-mentioned purpose, this inventors found that it 
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shows the good magneto-optical property laminate and that this 
artificial lattice film can utilize it for magneto-optical memory, 
and taking artificial lattice film of the Co-Pt system and 
artificial lattice film of the Co-Pd system as this invention, it 
came to it. 

That is to say, magneto-optical media which depend on this 
invention make that compound artificial lattice film that Co-Pd 
system artificial lattice film that Co-Pt system artificial lattice 
film and Co layer and Pd layer where Co layer and Pt layer were 
alternately laminated were alternately laminated was laminated is 
made to be the record layer to be features. 

To begin with, in the artificial lattice film, Co layer 
2~8A, Pt layer 3~40A are alternately laminated Co-Pt system, 
and Co layer 1~9A, Pd layer 2~40A are laminated in the 
artificial lattice film in alternate I> Co-Pd system. 

It is desirable that all thickness of superscription Co-Pt 
system artificial lattice film and Co-Pd system artificial lattice 
film makes the layer thickness of compound artificial lattice film 
that the these both were respectively laminated as 50~450A to be 
500A or less. 

The range of the above layer thickness it was set from the 
viewpoint which optimized the magneto-optical property, and in the 
superscription outside, the in-plane magnetization component also 
arises in either case, and the magneto-optical property 
deteriorates. 

Though especially the order of the lamination of 
superscription Co-Pt system artificial lattice film and Co-Pd 
system artificial lattice film is not limited, especially it is 
desirable that Co-Pt system artificial lattice film in which the 
magnetism car rotation angle is big has been formed in the readout 
side. 

Still, though the interface of metal layers which constitute 
an above-mentioned everyone construction lattice film the 
dissimilar metal atom is not jumbled and is flatly formed to each 
other, and it is ideal to make to be what is called supperlattice 
structure, it is good, even if it has what is called modulated 
structure ( the composition modulated structure ) in which the 
composition fluctuates, in keeping the fixed period as a whole, 
though the turbulence is produced a little in the interface. 

It is possible to form the artificial lattice film of the 
superscription by sputtering, vacuum evaporating or molecular beam 
epitaxy (MBE), etc.. 

And, in making the element variously to be an additive element 
with the purpose of in superscription artificial lattice film, it 
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raises thermal instability, and lowering Curie point, properly it 
may be added. 

In this case, optimum additive element and dosage are 
different by type of the artificial lattice film and type of adding 
metal layers. 

For example, the this Co layer is ColOO-xMX ( however, x 
substitution quantity atom % M additive element „ o ), when the 
additive element is added to Co layer of Co-Pt system artificial 
lattice film. 

It is shown, and it Ms as additive element M. 

The optimum substitution quantity, it is different every and 
a little element, 0. l^x^7 in case of M=A1, M=z 0. 1^x^25 in 
case of r in case of 0. 1^x^14 and M=Si,Mo, Ta in case of 
0.1^x^20 and M=Fe 0.1^x^30 in case of 

M=B, C, Ti, V, Cu, Ga, Ge, Nb, In, Sn. It is 0.1^x^70 in case of M=P in 
case of 0.1^x^35 and M=Gb, Tb, Dy in case of 0.1^x^40 and M=Sb in 
case of 0. 1^x^45 and M=Ni. 

Though the lower limit of substitution quantity x of the each 
superscription element has be made to be 0. 1 atoms %, effect of 
decreasing of Curie point does not appear, when it is lower than 
this. 

And, it is different from 7~40 atom % by the element which 
adds the upper limit of substitution quantity x of the each 
superscription element, and there is j^tL in which the magneto- 
optical property deteriorates on the contrary, when it is higher 
than these values. 

And, above-mentioned third elements are added to the Ft layer, 
and however, x shows the substitution quantity in atom % in respect 
of the composition of the this Ft layer FtlOO-xMx(, and it is 
0 = x^l5, and M shows the additive element. 

Though it is also considered that it is done, it does be not 
made that magneto-optical property and thermal instability are 
improved in this case to be a purpose, and rather it will ought to 
make the adjustment of Curie point to be a main purpose. 

It is because the magnetism car rotation angle lowers, while 
the Curie point rises except for a part of exception, when the 
third elements are added to the Ft layer. 

However, it is possible to raise this to the practical range, 
when the Curie point of the record layer originally and be 
remarkably low, because Curie point is not a thing of the property 
that it may be unlimitedly low from the viewpoint of the protection 
of record information, by such means. 

Elementary another , o as the element which it can add to the 
Ft layer equal to the Co layer. 
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Cr, Mn, Co, Zn, Y, Rh, Ag, La. 

Nd, Sm, Eu, Ho, Hf , W, Ir, Au, Pb, Bi, etc. are mentioned. 

In addition, the superscription Pt layer may be replacing Pd 
at the optional proportion. 

In the meantime, also however, the substitution quantity is 
shown in atom %, when the additive element is added to Co layer of 
Co-Pd system artificial lattice film, this layer ColOO-xMx( x, and 
M shows the additive element. 

It is shown, and it Ms as additive element M. 

The optimum dosage is also different by the type of the 
additive element in this case, and it 0.1^x^25. o s in case of 
M-Zr m case of 0. 1^x^10 and M=P in case of 0. 1^x^12 and 
M-Sn,Sb,W in case of 0.1^x^20 and M=Ti, V, Ni, Ga, Ge, Nb 0.1^x^25 
, 0. lSx^30 in case of M=B, C, Si, Fe, Cu, Mo, In, it is 0.1^x^40 in 
case of M=Ta. 

The reason of the limitation is similar to the case of the Co- 
Pt system artificial lattice film in the tip. 

And, the additive element may be added to the Pd layer, and 
types and dosages of the additive element in this case, etc. are 
similar to the case of the Pt layer. 

In addition, a backing film may be formed first of all prior 
to forming artificial lattice film as a record layer, by 
sputtering, vacuum evaporating or MBE, etc. on adequate substrates 
such as the glass. 

A superscription backing film is formed using metal or 
dielectric. 

To begin with, it has the face-centered-cubic crystal 
structure ( the fee structure ), when the metal is used as a 
material of a backing film. 

1 kind of W with Cu, Rh, Pd, Ag, Ir, Pt, Au and body centered cubic 
structure ( the bcc structure ) is used at least. 

Still, or, by combining over 2 kinds, even if it is 
independently used, these metals may use it. 

It is desirable that the layer thickness of such metal 
f^cin/^^™ '"^^^ S-SOOOA, and the more suitable range 

The improvement of the coercive force is sufficient with that 
a metal substrate film is very thin, and the effect over the this 
can not be desired, since the coercive force reaches the 
saturation, even if it is very reversely warm. 

Especially, it is desirable that the case in which the signal 
is read out from the substrate side is chosen with 10'^20A, and it 
is desirable that the case in which the signal is read out from the 
artificial lattice film side is chosen with 200~2000A. 
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And, oxidic chemical compounds such as A1203 and Ta205, 
MgO, Si02, Ti02, Fe203, Zr02 and Bi203 the dielectric is used as a 
material of a backing film. 

Or, nitrides system chemical compound such as ZrN, TiN, Si3N4 
and AlN,AlSiN, BN, TaN,NbN, oxidation nitride complex ( what is 
called :t^iy^^ hv4 K chemical compound ) besides, etc. can be 
used. 

The layer thickness of such dielectric backing film is chosen 
within 5~5000A. 

It can not be said that it not obtain the effect of the desire 
as a dielectric backing film, when it is smaller than the 
superscription range, and that there is fMtl in which the 
degradation of the magneto-optical property occurs, and that and, 
it is practical from the viewpoint of productivity and economical 
efficiency, when and, it is bigger than the superscription range. 

In addition, it has the effect ( the enhancement effect ) in 
which magnetism car rotation angle is made to increase by the 
interference effect, when the layer thickness of this dielectric 
backing film was chosen optimum. 

There is no to besides the light beam as writing method for 
such magneto-optical media that being good even in any thing supply 
can, says the energy necessary for generating inversion magnetic 
domain such as aciculate magnetic head, stylus, electron beam. 
[ action ] 

Magneto-optical media are results of being excellent in ^- 
proof-ness, since the rare earth element which makes compound 
artificial lattice film which laminated Co-Pt system artificial 
lattice film and Co-Pd system artificial lattice film to be the 
record layer is not contained,. 

In addition, by laminating Co-Pt system artificial lattice 
film which it is excellent for the magnetism car rotation angle and 
Co-Pd system artificial lattice film which it is excellent for the 
coercive force, the magnetic interaction works between both, and 
record layer which combines both characteristics would be got. 

As this result, the remarkable improvement of the magneto- 
optic effect becomes possible, even if it is not used jointly with 
a backing film. 

C practical example ] 

It explains, while it refers to the drawing on and suitable 
practical example of this invention, . 

Practical example of 1 practical example are magneto-optical 
medium examples of making the compound artificial lattice film that 
Co-Pt system artificial lattice film and Co-Pd system artificial 
lattice film were formed on glass substrates at this order to be 



6 



the record layer. 

To begin with, each target of Co and Pt of the lOOmm diameter 
was installed in the rotating base in the chamber of magnetron 
sputtering system. 

The dual cosputtering was done under SmTorr argon partial 
pressure for the position which faced these targets placed glass 
substrates. 

Radio frequency sputtering by 440W condition was done for the 
Co target for d. c. sputtering and Pt target by 0. 4A-300V condition 
this time, and Co-Pt system artificial lattice film of layer 
thickness lOOA was formed on glass substrates. 

Next, each each target of Co and Pd of the lOOmra diameter was 
installed in the rotating base in the chamber of magnetron 
sputtering system. 

The dual cosputtering was done under llmTorr argon partial 
pressure for the position which faced these targets placed glass 
substrates. 

Radio frequency sputtering by 380W condition was done for the 
Co target for d. c. sputtering and Pd target by 0. 35A-300V condition 
this time, and Co-Pd system artificial lattice film of layer 
thickness lOOA was formed on glass substrates, and magneto-optical 
media were made. 

The magnetism car curve in measuring the magneto-optical 
property of this magneto-optical media is shown in first figure (A) 
and first figure (B). 

First figure (B) is respectively correspondent here to the 
case in which it was measured since the record layer side and case 
in which it was measured since the substrate side on first figure 

0KR the vertical line in the figure shows magnetism car 
rotation angle (° ), and magnetism car rotation angle measured 
since the substrate side is shown record layer side magnetism car 
rotation angle 0 KS. 

And, the quadrature axis shows intensity H(KOe) of external 
magnetic field. 

Practical example of 2 ~ practical example 8 practical 
example is an example of variously changing, as the layer thickness 
of Co-Pt system artificial lattice film and Co-Pd system artificial 
lattice film is shown at the first table of the under-raentind in 
magneto-optical media with the composition equal to practical 
example of 1. 

Formation method of the everyone construction lattice film is 
similar to practical example of 1. 

Practical examples of 9 and practical example of 10 practical 
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example made magneto-optical media which made compound artificial 
lattice film that Co-Pd system artificial lattice film and Co-Pt 
system artificial lattice film were reversely formed above- 
mentioned practical example of 1 or practical example of 8 on glass 
substrates at this order to be the record layer. 

The forming condition of an everyone construction lattice film 
is similar to the case of practical example of 1. 

Magneto-optical media in which a comparison example record 
layer consisted only of Co-Pt system artificial lattice film of the 
all lOOA thickness were made. 

Co-Pt Preparation condition of the system artificial lattice 
film is similar to the case of practical example of 1. 

The magnetism car curve in measuring the magneto-optical 
property of this magneto-optical media is shown in second figure 
(A) and second figure (B). 

Magneto-optical media in which comparison example 2 record 
layer consisted only of the second artificial lattice films of Co- 
Pd system of the all 100 A thickness were made. 

The forming condition of the second artificial lattice film is 
similar to the case of practical example. 

The magnetism car curve in measuring the magneto-optical 
property of this magneto-optical media is shown in third figure (A) 
and third figure (B). 

Third figure (B) is respectively correspondent here to the 
case in which it was measured since the record layer side and case 
in which it was measured since the substrate side on third figure 
(A). 

The comparison example of this 3 comparison example it is 
made to be a dielectric layer between Co-Pt system artificial 
lattice film and the second artificial lattice film of the Co-Pd 
system, and it is an example of magneto-optical media with the ZrN 
layer. 

To begin with, Co-Pt system artificial lattice film of the all 
lOOA thickness was formed on glass substrates as well as the case 
of practical example of 1. 

Next, reactive sputtering was done in the argon atmosphere 
which contained 1% nitrogen gas at gas pressure 2. 5X 10-3Torr, and 
ZrN layer of layer thickness lOOA was formed. 

In addition, Co-Pd system artificial lattice film of the all 
100 A thickness was formed according to the method for describing 
in this top in practical example of 1, and magneto-optical media 
were made. 

The magnetism car curve in measuring the magneto-optical 
property of this magneto-optical media is shown in fourth figure 
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(A) and fourth figure (B). 

Fourth figure (B) is respectively correspondent here to the 
case in which it was measured since the record layer side and case 
in which it was measured since the substrate side on fourth figure 

(A) . 

On each magneto-optical media made in above practical example 
and comparison example, magneto-optical property such as coercive 
force, magnetism car rotation angle dKR measured since the record 
layer side, magnetism car rotation angle 0 KS measured since the 
substrate side, reflectivity R(%) measured since the substrate side 
was examined. 

And, it was calculated as the scale which evaluated the ^ 
signal quantity in proportion to the signal quantity in the 
regeneration. 

The result is shown at the first table. 

To begin with, it is proven that the coercive force is 
insufficient from first table, second figure (A) and second figure 

(B) , though it is high in comparison example of 1 that the Co-Pt 
system artificial lattice film was independently established in 
both cases or the cases in which they were measured since the 
substrate side that the magnetism car rotation angle was measured 
since the record layer side. 

In the meantime, it is proven that the magnetism car rotation 
angle is also insufficient on anyway from first table, third figure 
(A) and third figure (B), though the coercive force is sufficiently 
high in comparison example of 2 that Co-Pd system artificial 
lattice film was independently established. 

Though naturally these characteristics change by the layer 
thickness, it has already been confirmed that layer thickness 
(lOOA) adopted in the this comparison example is optimum from 
until now research of this inventors. 

For this, it is proven that the medium magneto-optical 
property between comparison example of 1 and comparison example of 
2 has been achieved in practical example of 1 that Co-Pt system 
artificial lattice film of layer thickness lOOA and Co-Pd system 
artificial lattice film of layer thickness lOOA were laminated on 
glass substrates in this order, when to begin with, first table, 
first figure (A) and first figure (B) were seen, generally. 

That is to say, the coercive force it is drastically improved 
from comparison example of 1 by the magnetic interaction which 
works between a both of them construction lattice film, and it 
meets in the substrate, and magnetism car rotation angle measured 
since the substrate side again is improved further than comparison 
example of 2, since the contribution of exsisting Co-Pt system 
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artificial lattice film greatly appears. 

Since record and regeneration are carried out since the 
substrate side, in usual magneto-optical media such as the optical 
disk, the improvement of such magnetism car rotation angle is 
convenient. 

Here, magnetism car rotation angle of practical example of 1 
can be called improving further than .comparison example of 2, and 
it decreases to about 60%, if it is compared with comparison 
example of 1, 

However, the value remains a decrease to about 85%, since the 
reflectivity increases in about the double, regenarative signal 
quantity. 

Therefore, it can be said that the coercive force was able to 
be increased without hurting the practicability in practical 
example of 1. 

The coercive force the result was good in other practical 
example of 2 or practical example of 7, and especially, it rose 
than comparison example of 1 that Co-Pt system artificial lattice 
film had independently been formed in either practical example. 

In the meantime, though the partially good result practical 
examples of 9 and practical examples of 10 which formed the Co-Pd 
system artificial lattice film by meeting to glass substrates, was 
obtained, it has not come to, since a demand for all magneto- 
optical property is averagely satisfied. 

For example, it is proven that the coercive force drastically 
lowers in practical example of 9 in comparison with equal practical 
example of 1 and practical example of 9 of the layer thickness of 
a both of them construction lattice film. 

And, the value also lowers in comparison with practical 
examples of 6 and practical examples of 10, since magnetism car 
rotation angle measured since the substrate side drastically 
lowers. 

Therefore, in this invention, to the substrate, especially it 
IS desirable that Co-Pt system artificial lattice film in which the 
magnetism car rotation angle is big is formed first of all. 

But, in comparison example of 3 which formed the ZrN layer in 
making to be a dielectric layer between Co-Pt system artificial 
lattice film and Co-Pd system artificial lattice film, it becomes 
an irregular form in which the magnetism car curve be shown by 
fourth figure (A) and fourth figure (B), and it is possible to see 
this with the form which superimposed magnetism car curve in 
proportion to comparison example of 1 and comparison example of 2. 

The order of the formation of a both of them construction 
lattice film was observed, even if the magnetic interaction between 
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Co-Pt artificial lattice film and Co-Pd artificial lattice film was 
due to be inhibited this fact by the formation of the ZrN layer, 
and even if the similar phenomenon changes it. 
C effect of the invention ] 

By making them to be the compound artificial lattice film by 
laminating in magneto-optical media which depend on this invention, 
Co-Pt system artificial lattice film and Co-Pd system artificial 
lattice film as a record layer, as it is clear from the description 
over, the offer of magneto-optical media which combine the merit of 
both magneto-optical property becomes possible. 

Since the rare earth element is not used, for superscription 
magneto-optical media, not only fact but also that in addition, it 
also expects supply stability economical efficiency in which they 
are excellent in 14-proof-ness are possible. 

It is possible to realize the memory device which keeps the 
reliability that it is very high-density and that the C/N ratio is 
big, and that again, it is high throughout long term, if even if, 
such magneto-optical media are written using the light beam, and if 
it is used as a storage medium of what is called magnetooptical 
memory for the readout using magnetism Kerr effect such as the beam 
T Y file memory. • 
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